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Abstract

Background: Squamous cell carcinoma of the oral cavity (OSCC) is the sixth most common malignancy. Surgery is
mainstay treatment for oral cancers. Surgery in locally advanced OSCC presents many challenges primarily because
the head and neck have critical structures that can be damaged by tumor or treatment. It is thought that
neoadjuvant chemotherapy (NC) in locally advanced OSCC is able to shrink tumor size. Chemoresistancy is a
problem due to hypoxic microenvironment characterized by increased expression of HIF-1α. It is also regulated by
miR-210 as well as increased expression of CD44 and CD133. Melatonin has a powerful antioxidant and oncostatic
effects that are expected to improve tumor hypoxia and clinical response. Fifty patients with OSCC were included
and randomized. miR-210 and CD44 expression were measured before and after intervention using qRT-PCR
absolute quantification, and clinical response was evaluated according to RECIST 1.1 criteria. This study aims to
determine the effect of melatonin in improving the clinical response of patients with locally advanced oral
squamous cell carcinoma (OSCC) after neoadjuvant chemotherapy to miR-210 and CD44 expression.

Results: Melatonin administration reduced miR-210 levels but not significant (p = 0.767). CD44 expression also
decreased in the melatonin group compared with placebo yet was not significant (p = 0.103). There was a decrease
in the expression of miR-210 and CD44 followed by a decrease in the percentage of residual tumor but not
significant (p = 0.114).
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Conclusion: In OSCC, the addition of 20-mg melatonin to neoadjuvant chemotherapy (NC) reduced the expression
of miR-210 and CD44 and decreased the percentage of tumor residue; however, no statistically significant result
was observed.

Trial registration: This study is registered to ClinicalTrials.gov under trial registration number: NCT04137627 with
date of registration on October 22, 2019—retrospectively registered, accessible from: https://clinicaltrials.gov/ct2/
show/NCT04137627
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Background
Oral cavity carcinoma is the 6th most commonly found
malignancy in the world [1]. Most of these oral cavity car-
cinoma (OCC) are often found in developing countries [2].
The most commonly observed histological subtype of oral
cavity carcinoma is squamous cell carcinoma, which can
be found in the mucosa of the oral cavity, gingiva, hard
palate, tongue, and lips [1]. The mainstay therapy for oral
squamous cell carcinoma (OSCC) is surgery; however, it is
challenging due to the complexity of the head and neck
anatomical structure and the change in oral cavity anat-
omy due to cancer growth. Neoadjuvant chemotherapy
(NC) is administered on oral squamous cell carcinoma
(OSCC) to reduce the size of the tumor; therefore, surgery
can be performed easier. Surgery for oral squamous cell
carcinoma can improve the 5-year survival rate by 45% at
T4b stage [3].
An issue that is often encountered in oral squamous

cell carcinoma (OSCC) therapy is chemoresistance.
Mechanisms underlying tumor resistance to anti-tumor
drugs involve several factors, namely pharmacokinetic
resistance, intrinsic tumor cells resistance, and factors
associated with tumor microenvironment [4, 5]. This
hypoxic microenvironment condition is a factor associ-
ated with processes related to energy metabolism, cell
proliferation and survival, angiogenesis, adhesion, and
motility. The imbalance of oxygen supply and consump-
tion causes the disruption of transportation and distribu-
tion of chemotherapy in blood vessels [6]. Hypoxia also
worsens blood vessel disorganization caused by the in-
creased production of angiogenic factors by tumor cells
and stroma [7]. Hypoxic conditions will also cause an in-
crease in the expression of reactive oxygen species
(ROS), which results in chemoresistance. Lee Dj et al.
mentioned in their study that ROS has a dual role as a
mediator of angiogenesis and metastatic signals at sub-
optimal concentrations but suppresses angiogenesis and
tumor cell growth at low concentrations [8].
In addition to the above mechanism, chemoresistance

can be caused by cancer stem cells that are dormant and
have a slow kinetic cell cycle; thus, making them more
likely to escape chemotherapy [9]. Cancer stem cells ori-
ginating from the head and neck can be identified based
on CD44+ expression. These cells are shown to have the
ability for self-renewal, differentiation, clonogenicity, and
are resistant to cytostatic cisplatin and gemcitabine [10,
11]. A study by Prince et al. suggests the ability of
CD44+ to initiate tumorigenesis in mice. Cells which
possess high levels of CD44 expression is shown to re-
new a heterogeneous tumor phenotype, but do not occur
in cells with low CD44 expression [11]. These markers
are often found and targeted for cancer treatment.
Therefore, if there is an increase in CD44 it can cause
chemoresistance.
The function of cancer stem cells can be modulated by

miRNA by influencing the level of expression of target
genes and proteins involved in the signaling pathway of cell
proliferation and death [12]. Aside from cancer stem cells,
chemoresistance is also regulated by miRNA, which is non-
coding RNA [13]. miRNA plays a role in regulating cancer
stem cells by making them to possess properties of self-
renewal, pluripotency, and neoplastic [12]. There are sev-
eral types of miRNA associated with hypoxic conditions
[14]. miR-210 is one of the several markers that is consid-
ered to have an important role and held the largest repre-
sentation in hypoxic conditions [15, 16]. Hence, it is often
referred as hypoxamir due to its high and consistent ex-
pression in hypoxic condition in various types of cells [16].
The state of tumor resistance to chemoresistance requires

the use of antioxidants to overcome the hypoxic state
which can be achieved by using melatonin. Melatonin also
acts as an oncostatic by inducing apoptosis of cancer cells.
Melatonin and its metabolite derivates are known as anti-
oxidants and potent radical scavenger since it can eliminate
10 ROS due to its ability to form antioxidant cascade; thus,
it is far more effective than other antioxidants [17].
The administration of melatonin is expected to improve

the state of tumor hypoxia; hence, it can improve clinical
response by reducing the percentage of tumor residues.
Nevertheless, there has not been any experimental study
which investigates the effect of melatonin in improving
tumor clinical response to chemotherapy associated with
the expression of biomarkers such as miR-210 and CD44,
especially in patients with locally advanced oral squamous
cell carcinoma (OSCC). This study is aimed to determine
the effect of melatonin in improving the clinical response
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of patients with locally advanced oral squamous cell car-
cinoma (OSCC) after neoadjuvant chemotherapy to miR-
210 and CD44 expression.

Methods
Study design and subjects
This study is a double blinded, parallel, randomized con-
trolled trial with placebo as a comparison conducted in
June 2017 to July 2018. Our study populations were gath-
ered from Cipto Mangunkusumo Hospital (48 patients)
and Dharmais Hospital, National Cancer Center,
Indonesia (2 patients). The sampling technique used in
this study was consecutive sampling with randomization.
Randomization of patient was done by a third party using
computerized block randomization; concealment was
done by giving serial number on drug preparations. The
study was conducted in compliance with the rules of
Good Clinical Practice (GCP) and it was approved by the
Institutional Review Board (IRB), and all subjects provided
informed consents. The study reporting adheres to the
CONSORT guidelines for reporting clinical trials. Inclu-
sion criteria are oral squamous cell carcinoma stage IVA
and IVB patients who would be treated with neoadjuvant
chemotherapy (NC), and the patient had never undergone
definitive surgery or had never been treated with neoadju-
vant chemotherapy. Of the 50 randomized oral squamous
cell carcinoma patients, only half of all patients completed
Fig. 1 Flow of research subjects enrollment
the study protocol (13 patients in the melatonin group
and 12 patients in the placebo group). Flow of research
subjects is described in Fig. 1.

Study intervention
Patients who will be given intervention will have an open
biopsy in advance (incisional biopsy) or core biopsy
which is used to confirm the histopathological character-
istics of locally advanced oral squamous cell carcinoma
(OSCC) and obtain patient samples before receiving
treatment. Fifty randomized patients will be divided into
two groups: 25 patients receive a combination of mela-
tonin and neoadjuvant chemotherapy (NC) (taxane, cis-
platin, and 5-fluorouracil) for 3 cycles and 25 patients
will receive neoadjuvant chemotherapy alone. Neoadju-
vant chemotherapy will be fulfilled in 3 cycles; each cycle
has an interval of 3 weeks. Seven days prior to neoadju-
vant chemotherapy (NC), the patient was administered
with 20 mg of melatonin or placebo and continued to be
consumed in conjunction with neoadjuvant chemother-
apy (NC) for up to 3 cycles.

Clinical response evaluation
To assess clinical response, this study used the RECIST
1.1 criteria, which consists of complete response (CR),
partial response (PR), progressive disease (PD), and
stable disease (SD). MRI will be performed to assess



Table 1 Concentration of miR-210 expression before and after
melatonin and placebo administration

miRNA-210 Mean (SD)

Melatonin (n = 13) Placebo (n = 12) p

Before 162.8 (54.92) 175.2 (34.30) 0.767

After 53.8 (16.65) 53.5 (14.28)

Difference (after − before) − 109.09 (51.62) − 103.71 (36.24)
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clinical response before and after the administration of
neoadjuvant chemotherapy. Surgery will be performed
on CR and PR patients, followed by tissue and blood
examination with qRT-PCR. Meanwhile, secondary bi-
opsy will be performed in patients with SD and PD,
followed by blood examination with qRT-PCR.

Examination of gene expression
CD44 and miR-210 gene amplification process primer de-
sign was performed using the PrimerQuest Tool IDT. The
sequence information for each gene was obtained from
the National Center for Biotechnology Information
(NCBI) database. In addition, gBlocks Gene Fragments
IDT (integrated DNA technologies) are used as sequence
selection for each gene and gBlocks synthesis. Changes in
gene expression concentration were assessed using the ab-
solute quantification qRT-PCR method. There are several
stages of the examination of gene expression consisting of
RNA isolation, cDNA synthesis, and qRT-PCR two-step
absolute quantification. The concentration of RNA level
gene expression obtained from qPCR will be analyzed
based on the positive control standard curves of each
gene. Positive control of each gene was the oligosynthetics
of CD44 and miR-210. Negative control was technical
PCR negative control, namely no template control.

Statistical analysis
Statistical analysis was performed using IBM© SPSS® ver-
sion 20. Sample size was calculated on the basis of histor-
ical trial [18], and the incidence of locally advanced OSCC
at the participating institute. Using a formula for superior-
ity trial design with continuous variable, a sample size of
42 patients was needed to achieve the objectives of this
study assuming 5% level of significance and 80% power.
Assuming a 10% possibility of drop out; hence, a total of
46 patients were required for this study. Normality of data
distribution was tested using the Saphiro-Wilk test. Data
with normal distribution is shown in mean (SD), while
data with non-normal distribution is shown in median
(range). The difference between the treatment group and
control group is analyzed with the Saphiro-Wilk normality
test. For normal distribution data will be tested using in-
dependent t test, while for non-normal distribution data
will be tested using the Mann-Whitney test. Changes with
p values of less than 0.05 were considered statistically
significant.

Results
In this study, 50 subjects were enrolled. However, during
the 1-year follow-up period, only 25 patients completed
the study due to the clinical condition of the patients
and exclusion to the patients.
Study result showed decreased expression of miR-210

in both groups receiving melatonin (p < 0.001) and
placebo (p < 0.001). There was a 67.1% decrease in
miRNA-210 concentration after melatonin administra-
tion, compared with placebo group which showed a
59.2% decrease in miRNA-210 concentration. However,
the difference in the reduction of miR-210 expression
between the melatonin and placebo groups was not sig-
nificantly different (p = 0.767) (Table 1).
The administration of 20-mg melatonin per day reduced

CD44 expression in 11 out of 13 subjects (p = 0.041), and
the degree of reduction is two-fold greater compared with
subjects receiving placebo (RR = 2.03). On the contrary, in
the placebo group, 7 out of 12 subjects experienced an in-
crease in CD44 expression (Fig. 2). In subjects receiving
melatonin, there was a 32.67% reduction in CD44 concen-
tration after melatonin administration. Meanwhile, there
was an 86.32% increase in CD44 concentration in subject
receiving placebo. Nevertheless, considering the degree of
reduction of CD44 expression, there were no significant
differences between the two groups (p = 0.103) (Table 2).

The effect of melatonin administration on biomarker
concentration and tumor residue percentage
In this study, clinical response was evaluated using
RECIST 1.1 pre- and post administration of neoadjuvant
chemotherapy. The results obtained are complete re-
sponse, partial response, stable disease, and progressive
disease. Following that, to obtain clinical response in nu-
merical value, the percentage of tumor residue was calcu-
lated by considering the size of the tumor before giving
neoadjuvant chemotherapy as 100% then adding or sub-
tracting the tumor percentage from RECIST calculation.
In the melatonin group, it can be seen that the de-

crease in CD44 is followed by a decrease in the percent-
age of tumor residue to 84.22%, but when the CD44
expression is increased, the percentage of tumor residue
increases as well. The decrease in miR-210 expression is
also followed by a decrease in the percentage of
remaining tumors to be 82.74% (Table 3).

Discussion
In this study, the decreased expression of miR-210 was
observed in both study groups. This finding was signifi-
cant (p < 0.001). The degree of reduction was greater in
the melatonin group. However, the difference in reduc-
tion between the two groups was not significant (p =



Fig. 2 Percentage of subjects showing change in CD44 expression
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0.767). The role of melatonin as an antioxidant and rad-
ical scavenger is shown in its effect on the nature of
stem cell or through a decrease in ROS that is followed
by the reduction of miR-210 [19]. A study by Kim et al.
reported the increased expression of miR-210 with a 24-
h peak in adipose stem cells that had been put in a hyp-
oxic condition for 6 h. This increase can be inhibited by
a ROS scavenger, namely N-acetylcysteine (NAC) [20].
The finding suggests that miR-210 regulation is medi-
ated by ROS especially in hypoxic state.
The chemotherapy administration in the placebo

group was thought to play a role in the decreased ex-
pression of miRNA. The expression of miRNA through
pri-MRNA transcription modulation can be regulated
through the DNA damage response (DDR) pathway oc-
curring after the administration of cisplatin. A decrease
in miR-210 expression was observed in a study regarding
the ability of 5-FU to modify miRNA in C22.20 and
HC.21 cell cultures of colon carcinoma [21]. Another
study conducted by Shah et al. elucidated that the de-
creased expression of miR-210 could be due to an error
in miRNA expression owing to the entry of 5-FU metab-
olites (FdUTP and FUTP) into the gene transcript
miRNA or the production of fluorinated mature miRNA;
thus, modifying its main function [22].
In this study, a reduction of tumor residue percentage

was observed following the decreased expression of miR-
210 and CD44, though it was insignificant. It is thought
that the melatonin administration caused the decreased
expression of miR-210 due to the reduced expression of
ROS through PDGFR-β, Akt, ERK1/2, NF-κB, and Elk1
pathways along with the effect of chemotherapy to
Table 2 Concentration of CD44 expression before and after melaton

CD44 Median (range)

Melatonin (n = 13)

Before 0.0349 (0.0048–0.1440)

After 0.0115 (0.0003–0.2040)

Difference (after − before) − 0.0114 (− 0.0994 → + 0.1736)
alteration in miRNA transcription, increase in apoptosis,
inhibition of invasion, and reduction in cell proliferation.
These chain of events may contribute to the reduction
of tumor residue percentage [20].
Decreased CD44 expression was observed in 11 sub-

jects (84.6%) in the melatonin group and 5 subjects
(41.7%) in the placebo group, although it was not signifi-
cant when compared between the two groups (p =
0.103). The role of melatonin in the inhibition of tumor
growth and metastasis is through the activation of cell
signaling pathways which depends on the cancer cell
type and the dose/concentration of melatonin itself [22,
23]. Goncalves et al. reported the administration of 1-
mM melatonin weakened stemness property in cancer
stem cells on breast cancer in both cell cultures (CMT-
U229 and MCF-7) with CD44+/CD24− cell phenotype
[24]. Epithelial mesenchymal transition (EMT) is a
marker for invasiveness which consists of OCT-4, E-
cadherin, N-cadherin, and Vimentin.
There have been reports of the insignificant reduction of

CD44 expression in contrary to a study by Goncalves,
Kocak, and Akbarzadeh, presumably due to the use of cell
culture instead of a tissue sample, thus permitting better
control to confounding factors and requiring different
examination techniques of CD44 [24–26]. A study by Ull-
man mentioned a link between miR-210 and regulation of
CD44; thus, the reduction of CD44 in this study may come
as a result from the decrease of miR-210 [27]. Increased
miR-210 expression correlated with E-cadherin expression
regulation that was caused by hypoxic microenvironment
along the tumor; thus, increasing migration, invasion, and
proliferation in vitro and in vivo [28]. In turn, the increase
in and placebo administration

Placebo (n = 12) p

0.0095 (0.0002–0.1170) 0.103

0.0187 (0.0012–0.2780)

0.0082 (− 0.1109 → + 0.2773)



Table 3 Effect of melatonin to biomarker concentration and
tumor residue percentage

Variable Melatonin (n = 13) %Tumor residue p

miRNA-210

Decreased 13 82.74 (37.5) –

Increased 0 –

CD 44

Decreased 11 84.22 0.114

Increased 2 115.06
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of miR-210 expression would also trigger the enhancement
of CD44 expression in hypoxic state [27]. miR-210 targeted
iron-sulfur cluster assembly protein (ISCU) in a state of
hypoxia as a part of metabolic response. The enhancement
of miR-210 expression accompanied by ISCU inhibition
would cause the reduction in the tricarbolate acid cycle ac-
tivity and an increase in lactate production; thus, giving rise
to cell proliferation [27].
Because this study was done in vitro, it has several lim-

itations, namely difficulty in interpreting the association
of in vitro phenotype to in vivo outcome, mainly in the
interest of toxic chemotherapeutic drugs which possess
very narrow therapeutic index [29]. The effect of drugs
on cell culture/cell line could differ to that of clinical ef-
fect due to the fact that clinical effect is influenced by
cellular or tissue microenvironment and the pharmaco-
kinetic of the drug [30, 31]. Furthermore, melatonin’s
low bioavailability also affects its clinical response and
the expression of miR-210 and CD44. This is due to the
melatonin’s inability to be absorbed entirely and could
undergo first-pass metabolism. Also, melatonin’s bio-
availability may vary between subjects; therefore, its clin-
ical effect may not be apparent.
Based on the discussion above, it can be concluded

that the administration of 20-mg melatonin per day can
reduce the expression of miR210 (p = 0.767) and CD44
(p = 0.103), though both were not statistically significant.
The clinical response of the melatonin administration
was also not significant in both groups. This statistical
insignificance may be due to the limited number of sub-
jects who finished the protocol. Moreover, this study
was conducted in tumor tissue sample; thus, leaving
confounding factor to be uncontrolled.
Conclusion
The present study suggests that in oral squamous cell
carcinoma (OSCC), the addition of 20-mg melatonin to
neoadjuvant chemotherapy (NC) (docetaxel, cisplatin,
and 5-FU) reduced the expression of miR-210 and CD44
and decreased the percentage of tumor residues; how-
ever, no statistically significant result was observed.
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